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(54) METHOD OF CONTROLLING A MAIN CONTROL VALVE OF AN EXCAVATOR AND 
APPARATUS FOR PERFORMING THE SAME

(57) In a method of controlling a main control valve
of an excavator, when speeds of a boom cylinder and an
arm cylinder may be increased by handling a boom joy-
stick and an arm joystick, a second arm control spool
between a first hydraulic pump and the arm cylinder may
be closed. A first boom control spool between the first
hydraulic pump and the boom cylinder may be opened
to supply a first flux generated from the first hydraulic
pump to the boom cylinder. A second boom control spool
between a second hydraulic pump and the boom cylinder
may be closed. A first arm control spool between the
second hydraulic pump and the arm cylinder may be
opened to supply a second flux generated from the sec-
ond hydraulic pump to the arm cylinder. Therefore, a
pressure loss caused by passing of the flux through the
second boom control spool and the second arm control
spool may be reduced.
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Description

BACKGROUND

1. Field

[0001] Example embodiments relate to a method of
controlling a main control valve of an excavator and an
apparatus for performing the same. More particularly, ex-
ample embodiments relate to a method of controlling a
main control valve configured to operate a boom and an
arm of an excavator, and an apparatus for performing
the method.

2. Description of the Related Art

[0002] Generally, a boom and an arm of an excavator
may be operated by a flux. The flux may be transferred
to the boom and the arm from a hydraulic pump through
a main control valve. A recent excavator may include a
first hydraulic pump and a second hydraulic pump. Thus,
the main control valve may include first and second boom
control spools arranged between the first and second
hydraulic pumps and a boom cylinder, and first and sec-
ond arm control spools arranged between the first and
second hydraulic pumps and an arm cylinder.
[0003] According to related arts, when the boom or the
arm may be separately operated, a first flux generated
from the first hydraulic pump and a second flux generated
from the second hydraulic pump may be supplied to the
boom cylinder or the arm cylinder through the first and
second boom control spools or the first and second arm
control spools.
[0004] When the boom and the arm may be simulta-
neously operated, the first flux may be partially supplied
to the arm cylinder through the second arm control spool
and the second flux may be partially supplied to the boom
cylinder through the second boom control spool.
[0005] Therefore, when the boom and the arm may be
simultaneously operated, a part of the first flux may pass
through the second arm control spool and a part of the
second flux may pass through the second boom control
spool so that pressure loss may be generated.

SUMMARY

[0006] Example embodiments provide a method of
controlling a main control valve of an excavator that may
be capable of reducing pressure loss.
[0007] Example embodiments also provide an appa-
ratus for performing the above-mentioned method.
[0008] According to example embodiments, there may
be provided a method of controlling a main control valve
of an excavator. In the method of controlling the main
control valve of the excavator, when speeds of a boom
cylinder and an arm cylinder may be increased by han-
dling a boom joystick and an arm joystick, a second arm
control spool between a first hydraulic pump and the arm

cylinder may be closed. A first boom control spool be-
tween the first hydraulic pump and the boom cylinder
may be opened to supply a first flux generated from the
first hydraulic pump to the boom cylinder. A second boom
control spool between a second hydraulic pump and the
boom cylinder may be closed. A first arm control spool
between the second hydraulic pump and the arm cylinder
may be opened to supply a second flux generated from
the second hydraulic pump to the arm cylinder.
[0009] In example embodiments, supplying the first
flux to the boom cylinder may include partially opening
the second arm control spool to supply a part of the first
flux to the arm cylinder.
[0010] In example embodiments, supplying the second
flux to the arm cylinder may include partially opening the
second boom control spool to supply a part of the second
flux to the boom cylinder.
[0011] In example embodiments, the method may fur-
ther include partially opening the second arm control
spool to supply a part of the first flux to the arm cylinder
when the boom joystick may be handled in a decreasing
direction or the arm joystick may be handled in an in-
creasing direction.
[0012] In example embodiments, the method may fur-
ther include partially opening the second boom control
spool to supply a part of the second flux to the boom
cylinder when the boom joystick may be handled to an
increasing direction or the arm joystick may be handled
in a decreasing direction.
[0013] In example embodiments, the boom joystick
may be partially handled compared than the arm joystick.
The method may further include partially opening the sec-
ond arm control spool to supply a part of the first flux to
the arm cylinder when the boom joystick may be handled
in a decreasing direction with stopping of the arm joystick
after the boom joystick may be partially handled.
[0014] In example embodiments, the method may fur-
ther include selectively controlling opening/closing of the
first and second boom control spools and the first and
second arm control spools by handling any one of the
boom joystick and the arm joystick in an increasing di-
rection or a decreasing direction after the speeds of the
boom cylinder and the arm cylinder may be increased by
handling the boom joystick and the arm joystick.
[0015] According to example embodiments, there may
be provided an apparatus for controlling a main control
valve of an excavator. The apparatus may include a boom
joystick, an arm joystick and a controller. The boom joy-
stick may be configured to operate a first boom control
spool between a first hydraulic pump and a boom cylin-
der, and a second boom control spool between the boom
cylinder and a second hydraulic pump. The arm joystick
may be configured to operate a first arm control spool
between the second hydraulic pump and an arm cylinder,
and a second arm control spool between the arm cylinder
and the first hydraulic pump. The controller may be con-
figured to selectively supply a first flux generated from
the first hydraulic pump and a second flux generated from
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the second hydraulic pump to the first and second boom
control spools and the first and second arm control spools
in accordance with handing directions and handing
strokes of the boom joystick and the boom joystick. When
speeds of the boom cylinder and the arm cylinder may
be increased by handling the boom joystick and the arm
joystick, the controller may close the second arm control
spool and open the first boom control spool to supply the
first flux to the boom cylinder. Further, the controller may
close the second boom control spool and open the first
arm control spool to supply the second flux to the arm
cylinder.
[0016] In example embodiments, the controller may
partially open the second arm control spool to supply a
part of the first flux to the arm cylinder when the boom
joystick may be handled in a decreasing direction or the
arm joystick may be handled in an increasing direction.
[0017] In example embodiments, the controller may
partially open the second boom control spool to supply
a part of the second flux to the boom cylinder when the
boom joystick may be handled in an increasing direction
or the arm joystick may be handled in a decreasing di-
rection.
[0018] In example embodiments, the boom joystick
may be partially handled compared than the arm joystick.
The controller may partially open the second arm control
spool to supply a part of the first flux to the arm cylinder
when the boom joystick may be handled in a decreasing
direction with stopping of the arm joystick after the boom
joystick may be partially handled.
[0019] In example embodiments, the controller may
selectively control opening/closing of the first and second
boom control spools and the first and second arm control
spools by handling any one of the boom joystick and the
arm joystick in an increasing direction or a decreasing
direction after the speeds of the boom cylinder and the
arm cylinder may be increased by handling the boom
joystick and the arm joystick.
[0020] According to example embodiments, when the
boom and the arm may be simultaneously operated, the
first flux may be supplied to the boom cylinder through
only the first boom control spool and the second flux may
be supplied to the arm cylinder through only the first arm
control spools. Particularly, the second arm control spool
and/or the second boom control spool may be selectively
controlled by handling the boom joystick and/or the arm
joystick. Therefore, a pressure loss caused by passing
of the flux through the second boom control spool and
the second arm control spool may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Example embodiments will be more clearly un-
derstood from the following detailed description taken in
conjunction with the accompanying drawings. FIGS. 1 to
5 represent non-limiting, example embodiments as de-
scribed herein.

FIG. 1 is a hydraulic circuit diagram illustrating a
method of controlling a main control valve when only
a boom is operated in accordance with example em-
bodiments;
FIG. 2 is a hydraulic circuit diagram illustrating a
method of controlling a main control valve when only
an arm is operated in accordance with example em-
bodiments;
FIG. 3 is a hydraulic circuit diagram illustrating a
method of controlling a main control valve when flux-
es are separately supplied to the boom and the arm
without passing of the fluxes through a join spool in
accordance with example embodiments;
FIG. 4 is a hydraulic circuit diagram illustrating a
method of controlling a main control valve when a
relatively great amount of the flux is supplied to the
boom cylinder to increase a speed of the boom in
accordance with example embodiments; and
FIG. 5 is a hydraulic circuit diagram illustrating a
method of controlling a main control valve when a
relatively great amount of the flux is supplied to the
arm cylinder to increase a speed of the arm in ac-
cordance with example embodiments.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0022] Various example embodiments will be de-
scribed more fully hereinafter with reference to the ac-
companying drawings, in which some example embodi-
ments are shown. The present invention may, however,
be embodied in many different forms and should not be
construed as limited to the example embodiments set
forth herein. Rather, these example embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the present in-
vention to those skilled in the art. In the drawings, the
sizes and relative sizes of layers and regions may be
exaggerated for clarity.
[0023] It will be understood that when an element or
layer is referred to as being "on," "connected to" or "cou-
pled to" another element or layer, it can be directly on,
connected or coupled to the other element or layer or
intervening elements or layers may be present. In con-
trast, when an element is referred to as being "directly
on," "directly connected to" or "directly coupled to" an-
other element or layer, there are no intervening elements
or layers present. Like numerals refer to like elements
throughout. As used herein, the term "and/or" includes
any and all combinations of one or more of the associated
listed items.
[0024] It will be understood that, although the terms
first, second, third etc. may be used herein to describe
various elements, components, regions, layers and/or
sections, these elements, components, regions, layers
and/or sections should not be limited by these terms.
These terms are only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Thus, a first element, component, region,
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layer or section discussed below could be termed a sec-
ond element, component, region, layer or section without
departing from the teachings of the present invention.
[0025] Spatially relative terms, such as "beneath," "be-
low," "lower," "above," "upper" and the like, may be used
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass dif-
ferent orientations of the device in use or operation in
addition to the orientation depicted in the figures. For
example, if the device in the figures is turned over, ele-
ments described as "below" or "beneath" other elements
or features would then be oriented "above" the other el-
ements or features. Thus, the exemplary term "below"
can encompass both an orientation of above and below.
The device may be otherwise oriented (rotated 90 de-
grees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.
[0026] The terminology used herein is for the purpose
of describing particular example embodiments only and
is not intended to be limiting of the present invention. As
used herein, the singular forms "a," "an" and "the" are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further un-
derstood that the terms "comprises" and/or "comprising,"
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or
addition of one or more other features, integers, steps,
operations, elements, components, and/or groups there-
of.
[0027] Example embodiments are described herein
with reference to cross-sectional illustrations that are
schematic illustrations of idealized example embodi-
ments (and intermediate structures). As such, variations
from the shapes of the illustrations as a result, for exam-
ple, of manufacturing techniques and/or tolerances, are
to be expected. Thus, example embodiments should not
be construed as limited to the particular shapes of regions
illustrated herein but are to include deviations in shapes
that result, for example, from manufacturing. For exam-
ple, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gra-
dient of implant concentration at its edges rather than a
binary change from implanted to non-implanted region.
Likewise, a buried region formed by implantation may
result in some implantation in the region between the
buried region and the surface through which the implan-
tation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a
device and are not intended to limit the scope of the
present invention.
[0028] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which this invention belongs. It will be

further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as
having a meaning that is consistent with their meaning
in the context of the relevant art and will not be interpreted
in an idealized or overly formal sense unless expressly
so defined herein.
[0029] Hereinafter, example embodiments will be ex-
plained in detail with reference to the accompanying
drawings.
[0030] FIG. 1 is a hydraulic circuit diagram illustrating
a method of controlling a main control valve when only
a boom is operated in accordance with example embod-
iments.
[0031] Referring to FIG. 1, an excavator may include
a first hydraulic pump 110, a second hydraulic pump 112,
a main control valve, a boom cylinder 140 and an arm
cylinder 150.
[0032] The first hydraulic pump 110 may be configured
to generate a first flux. The second hydraulic pump 120
may be configured to generate a second flux. In example
embodiments, the first flux and the second flux may have
substantially the same pressure. Alternatively, the first
flux and the second flux may have different pressures.
[0033] The main control valve may be arranged be-
tween the first and second hydraulic pumps 110 and 112
and the boom and arm cylinders 140 and 150. The main
control valve may be configured to selectively supply the
first and second fluxes to the boom cylinder 140 and the
arm cylinder 150.
[0034] The boom cylinder 140 may be connected with
a boom. The boom cylinder 140 may be configured to
supply the first flux and/or the second flux to the boom.
The arm cylinder 150 may be connected with an arm.
The arm cylinder 150 may be configured to supply the
first flux and/or the second flux to the arm.
[0035] The first hydraulic pump 110 may be connected
with the boom cylinder 140 through a first boom line 120.
The second hydraulic pump 120 may be connected with
the boom cylinder 140 through a second boom line 122.
[0036] The second hydraulic pump 120 may be con-
nected with the arm cylinder 150 through a first arm line
130. The first hydraulic pump 110 may be connected with
the arm cylinder 150 through a second arm line 132.
[0037] The main control valve may include a first boom
control spool 160, a second boom control spool 162, a
first arm control spool 170 and a second arm control spool
172.
[0038] The first boom control spool 160 may be in-
stalled on the first boom line 120. The second boom con-
trol spool 162 may be installed on the second boom line
122. The first boom control spool 160 and the second
boom control spool 162 may be controlled by control sig-
nals of a controller 180 in accordance with handling di-
rections and handling strokes of a boom joystick 164.
[0039] The first arm control spool 170 may be installed
on the first arm line 130. The second arm control spool
172 may be installed on the second arm line 132. The
first arm control spool 170 and the second arm control
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spool 172 may be controlled by control signals of the
controller 180 in accordance with handling directions and
handling strokes of an arm joystick 174.
[0040] When only the boom may be operated, the first
arm control spool 170 and the second arm control spool
172 may be closed by the control signal of the controller
180 in accordance with handling of the arm joystick 174.
In contrast, the first boom control spool 160 and the sec-
ond boom control spool 162 may be opened by the control
signal of the controller 180 in accordance with handling
of the boom joystick 164. Thus, 100% of the first flux
generated from the first hydraulic pump 110 may be
transferred to the boom cylinder 140 through the first
boom line 120. Further, 100% of the second flux gener-
ated from the second hydraulic pump 112 may be trans-
ferred to the boom cylinder 140 through the second boom
line 122. As a result, because all of the first flux and the
second flux may be supplied to the boom cylinder 140,
a total flux supplied to the boom cylinder 140 may be a
sum of 100% of the first flux and 100% of the second flux.
[0041] FIG. 2 is a hydraulic circuit diagram illustrating
a method of controlling a main control valve when only
an arm is operated in accordance with example embod-
iments.
[0042] When only the arm may be operated, the first
boom control spool 160 and the second boom control
spool 162 may be closed by the control signal of the con-
troller 180 in accordance with handling of the boom joy-
stick 164. In contrast, the first arm control spool 170 and
the second arm control spool 172 may be opened by the
control signal of the controller 180 in accordance with
handling of the arm joystick 174. Thus, 100% of the first
flux generated from the first hydraulic pump 110 may be
transferred to the arm cylinder 150 through the first arm
line 130. Further, 100% of the second flux generated from
the second hydraulic pump 112 may be transferred to
the arm cylinder 150 through the second arm line 132.
As a result, because all of the first flux and the second
flux may be supplied to the arm cylinder 150, a total flux
supplied to the arm cylinder 150 may be a sum of 100%
of the first flux and 100% of the second flux.
[0043] FIG. 3 is a hydraulic circuit diagram illustrating
a method of controlling a main control valve when fluxes
are separately supplied to the boom and the arm without
passing of the fluxes through a join spool in accordance
with example embodiments.
[0044] When the speeds of the boom and the arm may
be increased, the second arm control spool 172 and the
second boom control spool 162 may be closed by the
control signal of the controller 180 in accordance with
handlings of the boom joystick 164 and the arm joystick
174. In contrast, the first boom control spool 160 and the
first arm control spool 170 may be opened by the control
signal of the controller 180 in accordance with handlings
of the boom joystick 164 and the arm joystick 174. Thus,
the first flux generated from the first hydraulic pump 110
may not be supplied to the arm cylinder 150. The first
flux may be supplied to only the boom cylinder 140

through the first boom line 120. Further, the second flux
generated from the second hydraulic pump 112 may not
be supplied to the boom cylinder 140. The second flux
may be supplied to only the arm cylinder 150 through the
first arm line 130.
[0045] Therefore, when the speeds of the boom and
the arm may be increased, the hydraulic circuit connect-
ed with the boom cylinder may be separated from the
hydraulic circuit connected with the arm cylinder 150. The
first flux generated from the first hydraulic pump 110 may
be supplied to the boom cylinder 140 through only one
first boom control spool 160. The second flux generated
from the second hydraulic pump 112 may be supplied to
the arm cylinder 150 through only one first arm control
spool 170. As a result, a pressure loss caused by passing
of the fluxes through the second control spools may be
reduced.
[0046] FIG. 4 is a hydraulic circuit diagram illustrating
a method of controlling a main control valve when a rel-
atively great amount of the flux is supplied to the boom
cylinder to increase a speed of the boom in accordance
with example embodiments.
[0047] When the speed of the arm may be decreased
so as to provide the boom with the speed faster than the
speed of the arm, a worker may handle the boom joystick
164 in an increasing direction or the arm joystick 174 in
a decreasing direction. The controller 180 may determine
the increasing of the speed of the boom to close the sec-
ond arm control spool 172. In contrast, the first boom
control spool 160 and the first arm control spool 170 may
be opened. The second boom control spool 162 may be
partially opened. Thus, the first flux generated from the
first hydraulic pump 110 may not be supplied to the arm
cylinder 150. The first flux may be supplied to the boom
cylinder 140 through the first boom line 112. Further, a
great part of the second flux generated from the second
hydraulic pump 112 may be supplied to the arm cylinder
150 through the first arm line 130. A part of the second
flux may be supplied to the boom cylinder 140 through
the second boom line 122.
[0048] Therefore, a total flux supplied to the boom cyl-
inder 140 may be a sum of 100% of the first flux and the
part of the second flux. Further, a total flux supplied to
the arm cylinder 150 may be the great part of the second
flux except for the part of the second flux passing through
the second boom line 122. As a result, because the total
flux supplied to the boom cylinder 140 may be higher
than the total flux supplied to the arm cylinder 150, the
speed of the boom may be increased and the speed of
the arm may be decreased.
[0049] FIG. 5 is a hydraulic circuit diagram illustrating
a method of controlling a main control valve when a rel-
atively great amount of the flux is supplied to the arm
cylinder to increase a speed of the arm in accordance
with example embodiments.
[0050] When the speed of the boom may be decreased
so as to provide the arm with the speed faster than the
speed of the boom, a worker may handle the boom joy-
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stick 164 in the decreasing direction or the arm joystick
174 in the increasing direction. The controller 180 may
determine the increasing of the speed of the arm to close
the second boom control spool 162. In contrast, the first
boom control spool 160 and the first arm control spool
170 may be opened. The second arm control spool 172
may be partially opened. Thus, a great part of the first
flux generated from the first hydraulic pump 110 may be
supplied to the boom cylinder 140 through the first boom
line 120. A part of the first flux may be supplied to the
arm cylinder 150 through the second arm line 132. Fur-
ther, the second flux generated from the second hydraulic
pump 112 may not be supplied to the boom cylinder 140.
The second flux may be supplied to the arm cylinder 150
through the first arm line 130.
[0051] Further, the boom joystick 164 may be partially
handled compared than the arm joystick 174. After par-
tially handling the boom joystick 164, when the boom
joystick 164 may be handled in the decreasing direction
with stopping of the arm joystick 174, the second boom
control spool 162 may be closed. In contrast, the first
boom control spool 160 and the first arm control spool
170 may be opened. The second arm control spool 172
may be partially opened.
[0052] Therefore, a total flux supplied to the arm cyl-
inder 150 may be a sum of 100% of the second flux and
the part of the first flux. Further, a total flux supplied to
the boom cylinder 140 may be the great part of the first
flux except for the part of the first flux passing through
the second arm line 132. As a result, because the total
flux supplied to the arm cylinder 150 may be higher than
the total flux supplied to the boom cylinder 140, the speed
of the arm may be increased and the speed of the boom
may be decreased.
[0053] As mentioned above, after the speeds of the
boom cylinder 140 and the arm cylinder 150 may be in-
creased by handling the boom joystick 164 and the arm
joystick 174, the controller 180 may selectively
open/close the first and second boom control spools 160
and 162 and the first and second arm control spools 170
and 172 in accordance with the handling directions of
any one of the boom joystick 164 and the arm joystick
174 so that the pressure loss may be reduced.
[0054] According to example embodiments, when the
boom and the arm may be simultaneously operated, the
first flux may be supplied to the boom cylinder through
only the first boom control spool and the second flux may
be supplied to the arm cylinder through only the first arm
control spools. Particularly, the second arm control spool
and/or the second boom control spool may be selectively
controlled by handling the boom joystick and/or the arm
joystick. Therefore, the pressure loss caused by passing
of the flux through the second boom control spool and
the second arm control spool may be reduced.
[0055] The foregoing is illustrative of example embod-
iments and is not to be construed as limiting thereof. Al-
though a few example embodiments have been de-
scribed, those skilled in the art will readily appreciate that

many modifications are possible in the example embod-
iments without materially departing from the novel teach-
ings and advantages of the present invention. Accord-
ingly, all such modifications are intended to be included
within the scope of the present invention as defined in
the claims. In the claims, means-plus-function clauses
are intended to cover the structures described herein as
performing the recited function and not only structural
equivalents but also equivalent structures. Therefore, it
is to be understood that the foregoing is illustrative of
various example embodiments and is not to be construed
as limited to the specific example embodiments dis-
closed, and that modifications to the disclosed example
embodiments, as well as other example embodiments,
are intended to be included within the scope of the ap-
pended claims.

Claims

1. A method of controlling a main control valve of an
excavator when speeds of a boom cylinder and an
arm cylinder are increased by handling a boom joy-
stick and an arm joystick, the method comprising:

closing a second arm control spool between a
first hydraulic pump and the arm cylinder;
opening a first boom control spool between the
first hydraulic pump and the boom cylinder to
supply a first flux generated from the first hy-
draulic pump to the boom cylinder;
closing a second boom control spool between a
second hydraulic pump and the boom cylinder;
and
opening a first arm control spool between the
second hydraulic pump and the arm cylinder to
supply a second flux generated from the second
hydraulic pump to the arm cylinder.

2. The method of claim 1, wherein supplying the first
flux to the boom cylinder comprises partially opening
the second arm control spool to supply a part of the
first flux to the arm cylinder.

3. The method of claim 1, wherein supplying the second
flux to the arm cylinder comprises partially opening
the second boom control spool to supply a part of
the second flux to the boom cylinder.

4. The method of claim 1, further comprising partially
opening the second arm control spool to supply a
part of the first flux to the arm cylinder when the boom
joystick is handled in a decreasing direction or the
arm joystick is handled in an increasing direction.

5. The method of claim 1, further comprising partially
opening the second boom control spool to supply a
part of the second flux to the boom cylinder when
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the boom joystick is handled in an increasing direc-
tion or the arm joystick is handled in a decreasing
direction.

6. The method of claim 1, further comprising partially
opening the second arm control spool to supply a
part of the first flux to the arm cylinder when the boom
joystick is handled in a decreasing direction with
stopping of the arm joystick after the boom joystick
is partially handled compared than the arm joystick.

7. The method of claim 1, further comprising selectively
controlling opening/closing of the first and second
boom control spools and the first and second arm
control spools by handling any one of the boom joy-
stick and the arm joystick in an increasing direction
or a decreasing direction after increasing the speeds
of the boom cylinder and the arm cylinder by handling
the boom joystick and the arm joystick.

8. An apparatus for controlling a main control valve of
an excavator, the apparatus comprising:

a boom joystick configured to operate a first
boom control spool between a first hydraulic
pump and a boom cylinder and a second boom
control spool between the boom cylinder and a
second hydraulic pump;
an arm joystick configured to operate a first arm
control spool between the second hydraulic
pump and an arm cylinder and a second arm
control spool between the arm cylinder and the
first hydraulic pump; and
a controller configured to selectively supply a
first flux generated from the first hydraulic pump
and a second flux generated from the second
hydraulic pump to the first and second boom
control spools and the first and second arm con-
trol spools in accordance with handling direc-
tions and handling strokes of the boom joystick
and the arm joystick,
wherein the controller closes the second arm
control spool and open the first boom control
spool to supply the first flux to the boom cylinder,
and closes the second boom control spool and
opens the first arm control spool to supply the
second flux to the arm cylinder when speeds of
the boom cylinder and the arm cylinder are in-
creased by handling the boom joystick and the
arm joystick.

9. The apparatus of claim 8, wherein the controller par-
tially opens the second arm control spool to supply
a part of the first flux to the arm cylinder when the
boom joystick is handled in a decreasing direction
or the arm joystick is handled in an increasing direc-
tion.

10. The apparatus of claim 8, wherein the controller par-
tially opens the second boom control spool to supply
a part of the second flux to the boom cylinder when
the boom joystick is handled in an increasing direc-
tion or the arm joystick is handled in a decreasing
direction.

11. The apparatus of claim 8, wherein the controller par-
tially opens the second arm control spool to supply
a part of the first flux to the arm cylinder when the
boom joystick is handled in a decreasing direction
with stopping of the arm joystick after the boom joy-
stick is partially handled compared than the arm joy-
stick.

12. The apparatus of claim 8, wherein the controller se-
lectively controls opening/closing of the first and sec-
ond boom control spools and the first and second
arm control spools by handling any one of the boom
joystick and the arm joystick in an increasing direc-
tion or a decreasing direction after increasing the
speeds of the boom cylinder and the arm cylinder by
handling the boom joystick and the arm joystick.
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